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, „t,;,-h is herebv incorporated by reference. 
1999, the entirety of which is nereoy r 

5 

Xhe Hght chain component of the I g pro.e.n is encoded by 2 separate loci, I g K 

■ imn in mice the k:X ratio is 95.5, 
considerably between different spec.es (1-3), e.g. , 

n^ls have evolved to account for this apparent 
10 compared to 60:40 in humans. Two models have evo 

.asinthe egression of k in mouse. Hrst, from the observation that murine I g , 

cells ha ve the X -i g ht chain locus in germline conjuration, it was proposed that k 
„e m en, must occur before X rearran g ement can commence <4, 5). In the 

pro po S a, is that k and X loci are both available for rearrangement at the same ,,me, 
bul th e mouse , locus is more efficient at en g a g ,n g the rearrange, process (6, 

20 conflg uration may support .h.s ( 5 , , S, Xbe influence of antigen selection on the 
in cells that have not encountered antigen (9-13). 
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,„. occurs at the transition from pre B-Il to 
, • y i rearrangement occurs at. 

immature B cells, w rearrangement 

u- (\&s Although the timing ot hgnt cna 
^ u v- nr X liaht chain (14). aiuiuu B 
replaced by k or X lig* rearrangement 

• u defined the processes which activate light chain 1 
is essentially defined, V that K 

notfi) n y un d er,oo d . F ro m .ecus™ events, ,. b eca 

" • , for % recombination (15). Weed, k and X 

cement is not a pretext* for 

e„ts are independent events (16), *e acttvatton of whKh 

rearrangements are ina v d t0 ^ 

s in the strength of the respective enhancers. A regio 
by differences ,n the ^ ^ ^ been 

, in the regulation of the accessibility of the 

f CX7 (17 18) . Functional comparisons ,n 
, u „ in Kb downstream of W ' 
10 identified about 10 Kb ■„„ lha , is flanked by elements 

ene assays identified a core enhancer region that 
reporter gene assays ugh 

, ,w reduce enhancer activity in pre-B cells (1 
whi ch can drastical, reduc ^ ^ ^ 

tra „ sf ec,on studies showed that the k and , 3 

• , ent other (functional) sequences flanking the core 

ro0 ,sare — 

mice showed that this region rs not essent 

« is reared to establish the .* ratio (19). ^ ^ ^ 

T , , ocus on chromosome 22^.1 
The human IgA. locus i» t u prP i n ^ 

/in ?1 and references therein). 

conla , ns7 0V, genes and 7 ,-C,genese g mentsaO, 2 ' 

20 Ab out ha.f of the V, genes are regarded as funct.ona, and 1 - ■ ^ 

■ ,1 in 3 clusters which contain distinct g 

- »—-'•;: 

^ in VI eene famines, wmi 
groups. There are 10 V*. gen y ^ 

^embers.lnhumanpenpheralb.oodlymphocytes.Chemost) 
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„ •,■ i n a ndm are preferentially rearranged, with 
segments in cluster A, from fam.hes I, H and 111. P 

the contrihutton of the 2a2 V, segment (2-14 in tlte new nomenclature C22) hetng 

t nto Seauence diversity of the IgX repertoire is provided 
deletional rearrangement (24). Sequence ai 

, JJV , rnT ^ diversity due to N (nonencoded)- or 
mainly by VX.-JX combination. Additional CDR3 diversity 

, nations at the V to J junction, although not as extensive 

P (palindromic)-nucleotide additions at the v j 

as seen in IgH rearrangement, seems to b e much more freely used tn — titan 
in mtce 03. *. 27, 28), where t h e TdT (terminal deo.—ottde transferase) 
acti vi,y is down-regulated a, the time of light chain rearrangement. 

h uman „ genes on m.ntloci or yeast arttftcta, chromosomes (VACs) ,8, ». 60, 6! , 
«, and that stlencing of the endogenous mouse heavy and « loci enhances human 

t0 date, o,y the human « light ehatn genes have heen incorporated and there have 

mlc e. Therefore, until the present inventton, no .containing human antthodies have 

. i,«c <u-rr heen any information on the 
been made from transgenic mtce, nor has there been y 

exp ress,,ty of human X genes in such an.mals or on the relat.ve cont—s of 
20 whether .transgenic mtce would he suttahle for the produc.ton of human antthodtes. 
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„ an , seque nces. In accomplishing this and other 
.hst ran express human *. sequence 
a mouse, that can exp 

h ts there is provided, in accordance with one aspect 

miC e composing as a translocus a VAC of a ^ 

k „ eenes of cluster A and all the human iX- CX seg 
most of the human VX genes 

• herein the translocus shows high expresston, and 
germline configuration, wherein 

omoete equally with the endogenous mouse k locus, 

compete equals invention, 

. , . - n accord ance with another aspect of the inve 
There also is provided, maccoraan 

, .aYAC of about 410 Kb, wherein the 
transgenic mice comprising as a translocus a YAC 

h n VX genes of cluster A and all the human JX-- CX. 
^>r> c t nf the human v A- genes 

seements in germline conng 

,«,ect of the invention, there are pro 
in accordance with yet another aspect 

■ 380 Kb region of the human immunoglobulin (lg) flight 

(U chain locus in germline confrgurauon, wherem 

(YA C> that accommodates the most proxunal V 
. artificial chromosome (YAC) tn<u a 
on a yeast artificial enr ^ ^ ^ 

, , 1 cluster - with 15 V X genes that contribute to 
(variable gene) X cluster 

•*v, the V reeion including tne 
. „ n r X segments with the j regw 
20 chains in man- and alUX Usg 

downstream enhancer. provided 

, , m Ma eenes in which the proportion of the k 
trans gen,c mice comprising human Ig lambda genes 
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, waeenes resembles that found in 
^ hv said human lambda genes 

h umans. and exhibits relative propomons of _ 

The transgenic .. ^ t chain locus in authentic 

. 380 Kb region of the human Utghtcha.nl 
accommodates a 380 Kb ^ y 

• with all V>. genes of cluster A, the J?.- CX seg 
configuration with all «5 

,h P Hule> YAC shown in Figure 1. 
enhancer, such as the Hulg*- 

Inac cor d ancew,tha ft irtheraspec,offhe,nven„on,,here 

me tho dS for proaucngtransgenicm.ee, comprising- 

u YAC into murine embryonic stems 
10 (a) introducing a HulgX YAC 

■ • a transgenic mouse from the cells of step (a). 
0» deriving a transge (V , j C X) of the human >. light 

«»•■»---•••-:::::.-...»- 

■ A V I and C genes in germlme contigur 
chain locus with V, 3 ana ^ g rf ^ 

-, te m cells 

into said stem cells. A ^ 
aene (NEO r ) can be site-specifically integral 
15 neomycin—egeneCNB ^ ^ t0 permit selection. The 

,w YAC-containing yeasi ecu 

• , m (ES) cells and G418 resistance colonies P 
HM , embryonic stem (ES) ^ ^ a ^ 

a„a,y Z ed » wee* after protoplast fus.on. 

„ „ he used for blastocyte mject.on to produ 
20 Hu^YACcopy.andcanbeused aft;c mouse , for example, 

t , .ranssenic animal with a Baio/c 
animal. The breeding of a transge ^ 

. . „ Breeding partners include K mice 
results in germline transmission. Breeding p 

of transgenic mice. 5 
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,, „f the invention, there are provided 
ln accordance with another aspect of them 

HlA VAC/K- mice (preferably one that ,s 3 months 
hyb r,do m asohtainahle f ro ra Hu l8 XV A C and s „nt 

selectlon of s^Cones. Mtthod.es ohtatnahle from these, 

P roVide<i - „ 0( the invention, there is provided 

ln accordance with another aspect of 

* wifirial chromosome u ^> 

, 1 0OKb which contains a proportion of the 
greater than 100Kb wmc n 

« The YAC can include a jov 
the ^ duster in gemrline cordon. ^ ^ ^ 

,,0, scents and the ,■ enhancer. ^ ^ ^ 

In accordance with yet another aspect of the 

■ omprising variable, joining and constant genes of the h 
transgenic rmce comprising ^ 
a transgenic locus on a YAC, wherein B cells 

semm immunoglobulins coning 
15 flight chain genes and them, ' ^ ^ ^ . 

t. • c the X translocus is rearrange* 

(he endogenous K 10CUS. 

v- and at the same time as ul 
Ad di,iona,,, the endogenous k 

20 compr.se human heavy cham gene ^ ^ ^ 

separateYAC ,wherein.hem,ee X pressse ^ 

n A I light chains. Moreovci, 
combinations of human heavy and hgh 

a diversity of human heavy cha,n constant reg,on genes, 

locus can carry a diversity 
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For Le, h e h eav yChal n— c locus can carry a diversity " 
5 and Y genes. For examp (n 

,„,„ — » — ™ " * , , „„, 

• * hnman k light chain genes as a 
wherein the mice comprise human k g 
chain genes, wherein ^ ^ 

• r ht chain locus integrated on a separate YAC wh 
transgenic light chain ioc 

u v molecules containing human k and A. 
serum immunoglobulin molecules 

„ thefe are pr0 vided transgenic mice carrying human Ug 
Additionally , there are P r k 

« „q a second transgenic locus anu 

• • human heavy chain genes as a secouu 

comprising human hea y serum 

a third transgenic locus, wherein the mice 

• h man heavy chains in combination with 
*. ,■ molecules containing human heavy 
10 immunoglobulin molecules 

. • Fxnression of the endogenous mouse y 
human k or X light chains. Expressi 

> mice of the invention can be prevented, 

-r:^r— —- — — , 

through gene targeting ^ of 

• ■ human heavy and/or light chains and which 
containing human neavy 

15 mouse immunoglobuUn. ct of the invention, there are provided 

In accordance with s.iH a further aspect of 

• human X light chain genes in which express.on of the hum 
lra „sgenic m.ce carrying human l>g k 

, t0 or greater than that of the endogenous or transgen 
X tocus is equal to or grea irtditionally the there can be 

n w hred to homozygosity. Additionally. 
, „ c The X translocus can be breo io 

• the X translocus are sublet io somatic hypermutation. 

meth ods for Production of human antibodies comprising st m ^ 

■ rotating human X light chain genes into their g 
transgenic mice incorporating 

7 
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myeloma cell line. provided 
, e wilh s,m a further aspect of Ae mvennon, there a 

In accordance wtthsfi 
5 human— a, artttho.es co^hu^h » 

nd chain combinations produced from transgemc mtce carry 
' S0 : l — re.onsofthehuman.^chainsofsuchantthodtescan 

n^on The antthodtes prefer* have an af.it, for anttgen of 

undergo somatic mutation. 



10 



sequences. 



mmMscmsmMJmm^ 380Kbregionofthe 

5 g • u 11 \n aenes of cluster A 

, )iRh t chain locus in authentic configuration wtth a« V, genes 

segments andtheS- enhancer^). B—es represent 

actional genes (3-27, (2 
103 ,2,,4-3,3-,a»dwh 1 ,eh M essho W V,genes W1 tho P enre 

r a in nroductive rearrangements of 
n 33 3 32 3-12) which have not been identtf.ed m product, 
20 , „* shown Black triangles ind.cate 

> , ac\\ Pseudoeenes are not snowu. 
human lymphocytes (40). Pseuaog 

„ k RT PCR in spleen and sorted Peyer s patch 
rearranged V genes found by RT-PCRm 
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• ;„A\rxtec\ Probes to assess the 
w^tT restriction site is indicated, nuuu 
HulgX mice. The unique Notl restriction 

, . u Ta^YAC LA (left arm) and CA2+3 are indicated, 
integrity of the HuIg^Y AC, LA u 

fu,,TniYAC Integration, (Lenj 
Fig ure 2 depicts a Southern blot analysts of HulgXYAC 

Notl digested testis DNA resolved on PFGE and hybridized with the CX2 + 3 probe. 

^ ^ hybn— signal renrarns in the eompresston band ( CB> pre— ~ 

, • mieht) EcoRI/HindHI digests hybridized 
• rt f the Notl site by methylation. (Right) lcoki/ 
protection of the M ou ^iic j 

u To^YAC ES cell DNA from a protoplast fusion 
with the m + 3 probe. Lane 1: HulgXYAC 

i ES cell DNA; lane 3: human genomic DNA (XZ); lane 4: 
rione- lane 2: normal ES cell uin^, 

« , fi .tailDNAfrom2HuIg^YACgermline 
in human KB carcinoma (55) DNA; lane 5 and 6. tail DNA 

10 humanize ,, it : nnal 5 2 Kb band which 

represents an allelic variation (56). 

To* mouse IgK and mouse IgX serum titers for 
Figure 3 shows human IgK mouse igK 

+ /- A HuXYAC/Mok'- mice (5-6 mice per group kept in 
Hu^YAC/Mok +/ andHuXYAC/ivio 

j s human S era). Antibody levels presented were 
1 5 pathogermfree conditions and 5 human sera; 

^^^^^^^ 

FigU re.de pi ctsano W cyto ra etr, C ana 1 ys,so f , lg hteha,ne,press,o n ,n, h e 
oocytes and mouse spleen eel, ^ H^ACMok" and 
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u ^ t<t> liaht chain distribution in gated 
. i- ■ „ m\ Mouse Isk and human lgA- ng ni t - lwu 
Hu^YAC/Mok' mice. (B) Mouse * 

populations of CDlT/dcit* and CD.9VCD25' bone marrow ceils. 

patches B-cells from HuI g rYAC/K" mice. 

Flgure 6 — s th e occurence of somatic hvpermutation in the H, k and X 

■ „,i„n The number of mutations in individual 
transloci of 5-feature mice after immumzation. The nun* 

t^hndv titers in 5-feature transgenic mice following 
Figure 7 depicts serum antibody titers in 

■ ith 4 antigens The responses to human fodrin, human placental 
10 immunization with 4 antigens. 

u< wpt AP^ the B subunit of cholera toxin and human 
alkaline phosphatase (PLAP) , tne o 

• t - n (CES) are shown, as measured by ELISA. In all cases the 
carcinoembryomc antigen (CES) are snow 

upmost (hold) iine ,s the response after 2 or 3 —ions (ground 
traced, BUS*. were -Coped wtth ant,huma„ .gM antihodtes i.nKed to 

15 horseradish peroxidase. 

Figure B shows the properties of a human .-containing monoclonal ant.hodv 
(7783 26) against human placenta, — phosphatase (PLAP), P— from an 
imm uni Z ed5-feature mouse. (A) T.trat.on of a„,,-P L AP -m supernatant of an 

t; pt AP antibody 7783/26 by 
PLAP. (O Affinity determination of human antt-PLAP 
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Scatchard plot after the method of Friguet e. al (63). From the plot, the affinity (Ka) 
of this antibody was estimated to be 2 x 10'M"' 



nFTAII .FT) DES CRIPTION OF A SPFfTS OF THF INVENTION 
5 The present invention provides transgenic mice ('lambda mice', or 'X mice') 

into which a YAC of about 410 Kb has been introduced as a transgenic locus 
(translocus) containing most of the human WX genes of c.uster A and all the 5X-CX 
segments in germline configuration. As the skilled person will recognize, sizes of 
polynucleotides provided herein are approximate, and can be readily changed in view 
10 of the teachtngs contained herein without departing from the invention. 

The translocus leads to high expression of human X light chains in plasma and 
on B cells and is able to compete equally with the endogenous mouse k locus. A 
number of different transgenic mice are further described in which the human X light 
chain is present in different combinations with YACs encoding genes of the human 
,5 heavy chain locus (IgH) and genes of the human k light chain locus (Ig K ), and in 

which the endogenous mouse alleles for heavy chain or k light chain may have been 
disrupted. Mice with these features are suitable for the production of fully human 
antibodies carrying the X light chain. After immunization with antigens, such mice 
produce folly human antibodies containing the X light chain with at least as high a 
20 frequency as they do K-containing antibodies, and often with an excess of X- 

contatning antibodies over k. Moreover, the mice according to the invention can be 
used to produce antigen specific monoclonal human X-contatning antibodies of high 
affinity. Isolation of human V*. genes from the transgenic mice by RT-PCR cloning 
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sh0W ed that many V, g enes are rearranged and exhtb.t somat.c —.on. Sue, 
DNA products can be use, - constat human .containing an— for express.on 
, n proka rvot,c or Myotic cells. Thus human X-expressing — mice prov.de 
an improved metbod of P— g M , human an—, eitber from hybridomas or 
5 by in vitro recovery and manipulation of V X genes. 

numan Ig X g enes on a VAC as a trans.ocus. They — rate that .he human X 
g e„es are weli-expressed rn me — mouse similar to or better than their 
expr ess,on in man relattve to k. The X-co„taining anybodies made by such translocus 
10 mice may be of value as therapeutic reagents. 

According to me invention, transgenic mice were created carrying a 380 Kb 
regio „ of the human immunoglobulin (, g ) X Ugh. <L> chain locus in germUne 
juration. The introduced translocus on a yeast artificta, chromosome (VAC) 

regi0 n including the downstream enhancer. The Hu.gXVAC mice were bred w.th 

an ima,s in which mouse . L chain production was silenced by gene targeting. Human 

■ „ in mouse k < animals was dominant with up to 84% of B220* B-ce.ls 
\gX expression in mouse k annua 

in betero.ygous k*< and norma, ^ —us mice both human X and mouse k 
we re expressed at stmilar high levels (38% and 45% of ceils, respectively), 
jestingly, in HufgXVAC/MoK m.ce human X is predominantly expressed at the 

12 
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pre B-cel, stage with subsequent upregu,acion of cells express.ng mouse L chain at the 
mature B-ceU stage. The human V, genes hypermutate readily bu, show restricted 
P or N sequence variabil.ty at the V-I junction. The finding that human X genes can 
he utilized with similar efficiency in mouse and man implies that L chain expression 
5 is dependent on the configuration of the locus. Thus, the transfer of large transloc, 
may eircumven. many expression probiems encountered with smaU gene constructs 
introduced into ce»s and animals, with the advantage that some silencing approaches 
such as exploiting human antibody production may prove unnecessary. 

Furthermore, the Expressing transgenic mice with the ^background were 
10 mated wtth those in which the human heavy (H) chain genes were incorporated as a 
translocus (65, and in which the endogenous mouse H chatn locus had been silenced 
by the uMT< modtftcation (57), producing so-called ^-featurea-mice (human H and 
X transloci on a endogenous H and k — background,. These mice produced 
human IgM.X —globulin in their plasma and responded .0 tmmunizatton by 
15 production of human IgMA antibodies. The mice were further crossed with those 
havtng, in addition to the other characteristics, the human k genes as a YAC 
translocus (65) to produce mice which express both human IgMA and IgM.K 
anttbodies, so ca„ed feature' mice. In these animals, the B lymphocyte population 
shows preferential (3:1) expression of human , over human k. Human IgM is found 
20 in the serum at between 50 and 400 ,g per ml. The 5-feature mtce were immunized 
wit h several different antigens, including human antigens, leadtng to production of 
specific human antibod.es in their serum. Hybndomas secreting fully human 
monoclona, antibod.es were prepared from the spleen ce„s of such m,e. Among such 
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• f nrn fl in some cases by as much as 8:1. 

• ,«n . 40 M seen in normal human plasma 

bias ,95k 5.) in plasma of norma, mice. Thus, transgenic 
and the extreme k bias (95k . w f 

• „f i to k linht chains resembles or 

. „.„- „,-,— .»..— — , 

,„ , .... - •» » — - - '"~ „ 

10 not have been predicted. 

- — • ■ — — *nzit. 

^Valine phosphatase (PLA^, wm 

a Might chain from a 5-fean.re mouse, wtth an afflmty of g 

■ t on there have produced mice suitable for immunizat.on w«h 
according to the invention there have p 

■ rbieh affinity human antibodies containing), 
human antigens and for the isolation of h.gh affinity 

, ight chains which are suitable for therapeutic applications. 

• , on is further iliustrated by the foilowing examples, which 
20 The present invention is further 

d0 not limit the invention in any manner or way. 
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EXAMPLE I: PRODUCTION METHODOLOGIES 

The 410 Kb Hu.g.YAC, accommodating a 380 Kb region (VX -,<*> of the 

■a v t and C eenes in germline configuration, was 
human X light chain locus with V, J and C genes g 

, * rihed(29) To allow selection, 2 copies of the neomycin 
5 constructed as described (29). loan 

., pollu integrated into the ampicillin gene on 
resistance gene (NEO) were site-specifically integrated 

• * VAC arm YAC-containing yeast cells were fused with HM-1 
the left (centromencj AC arm. 

•i j and G418 resistant colonies 
ES cells, a kind gift from D. Melton, as descnbed (30) 

10 complete HnXg.YAC copy, —ed b y Soutbern hybnd,a,ion, W ere used for 

with Balb,c mtce resulted in germbne —on. Purtber breeding w„b < m.ce 

(32) established the lines for analysis. 
Southernbloianaiys^ 

■ a (XK\ nr hieh molecular weight DNA 
15 Either conventional DNA was obtained (33) or high m 

^^^^^^^^^^ 

homogenized andpassed^^ 

, oj aearoS e 180V, 70s switch time and 30 hours running 
the 50-900 Kb range were 1% agarose, tow 

an d the left YAC arm probe (LA) 
time at 3.5°C. Hybridization probes were CX2 + 3 and 

20 comprising LYS2 (29). 

The 4 and 5 feature mice were produced by crossing .be transgentc , mtce 

■ nrice described previously carrying the IgH YAC and the IgK YAC as 
with transgenic mice descriDeu yi 
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, ; f nr H and k were disrupted (nMT\ Mote 
transloc, and in which the endogenous Ice. for H 

, lockouts) ,5 and references — The transgemc ,a.s - - offspnng ~ 
strainsw ere b red t oho m o ire o S , tyt ocarr y2 al l e,e S o f eaeho fl he t ra n5 ,oc iandfor 

knockouts were not linked. 

, . hnmted at 4 and 8 weeks with 50 ng in IFA. A final 
complete Freund's adjuvant and boosted at 4 a 

. cTia and selected clones 
W ere screened for reactivity with the immunogen by ELISA 

, , h H„man laM expression levels and light 
expanded for further analysis and cloned. Human IgM 

, p. ic\ specificity of hybridomas was confirmed 
chain isotype were determ.ned by ELISA. Spec.. 

15 by testing for cross-reactivity to unrelated antigens. 

Affinlt y determtnafion was performed by the method of Privet e. al. ,3), t.e. 
. fixed concentration of antibody was incubated with varying amounts of PLAP » 

„ mate The free and bound antibody concentrations were 
PLAP-coated microwell plate. 1 he ire 

u a ini of B/F antigen versus B antigen was plotted. The 
20 calculated and the Scatchard plot of B/F anttg 

affinity was given by the slope of the graph. 
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22 S0, S, gm a), respect, Respective bind,, .as detected - — ated 

, motm Si2ma) a 1:1000 dilution of polyclonal 
antibodies: polyclonal anti-human X (B 0900, Stgma), 

u t tin nr rat anti-mouse Ig^ (# 
anti-mouse X (RPN 1178, Atnersham Int.., Atnersham, UK) 

5 021 172 D, Pl—e n, San D,e g o, USA) fo.lowed by streptavadin-con^ated 

—h P— e (Am—. Mouse l g C 2 a, mye.oma ptotetn f tom HOPC, 
(M 6034 , S, g ma) and human — ,0, ff ^ wete used to s—e 

• «, k clone EM34.1 (K 2132, Sigma), and bound Ig was 
dilution of rat anti-mouse k, clone t,M^ 

«~ To* rCat no 04-6640, Zymed, San 
10 detected using biotinylated rat mAB anti-mouse IgK (Cat. no. 

• xnri™ and IsGIk (UPC10 and MOPC21 , 
Francisco). Mouse myeloma proteins IgG2aK and l g U 

t m nme ToM plates were coated with 
a ac standards For detection of mouse lgM, pi<u 
Sigma) were used as stanaarus. 

Clonal ant.-mouse „ ( T h e B.nnin g ham, UK, and bound „ was 

15 ^din-con^atcd — ish pe— . Mouse plasmacytoma TEPC183, 
IgMK, (Sigma) was used as a standard. 

FloM^cjtonoetrxanal^^ 

Ce„ suspense were obtained from bone marrow (BM), spleen and Peyer s 

c then carried out with the following reagents in 
patches (PPs). Multicolor staining was then carried 

• r , 4. FITC-coniugated anti-human UF5266, Sigma), 
20 combinations illustrated in figure 4. F1TC conj g 

p kit (CD ii7) receptor (clone ACK45, cat. no. 09995B, 
PE-conjugated anti-mouse c-kit (CD1 /) V 

n- « USA) PE-conjugated anti-mouse CD25 (IL-2 receptor) 
Pharmingen, San Diego, USA), PE con] * 

, 3C7 P 3317, biot,n-con jUg ,ed anti-human k (clone G20-193, cat. no. 
(Sigma, clone 3C7, P 331 u 

17 
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08172D Pharmingen), biotin-conjugated anti-mouse CD19 (Cone !D3, cat. no. 
09654D Pharm.ngen), foUowed by S.reptavadin-Quantum Red (S2S99, S.gma, or 
Streptavadin-PerCP ,ca, no. 340130, Becton-D.cXinson) and rat monodonal ant, 
m0 use k Kg* cha,n (done MRC-OX-20, .a,. MCA152, Serotec, Oxford, UK, 
5 coupled according .0 Che manufacturer's recon— tons with aUophycocyamn 
(APC ) (PJ25C, ProZyme, San Leandro, USA). Data were coUected from 1x1* 
stain ed ceUs on a FACScaUbur flow cytometer (Becton Dickon Immunocytometry 
Systems, Mountatn View, CA, USA) as described (32). Ce„s were f.rst g ated on 

, 0 dis tributio„ for comparison, ceUs from norma, mtce were stained in paraiiei. In 
add.tton, human penphera, biood iympbocytes were punf.ed on F.coH g rad,en.s 
(1 0 77g,ml) and stained w„n PE-conjuga,ed anti-buman CD!9 antibody (P7437, 
c ,o„e S125-C1, Sigma), biotinylated anti-buman « foUowed by Streptavadin-Quantum 
Red and FITC-conjugated anti-human X antibodies as above. 

, • „ f vi ernes PPs cells were stained with FITC- 
15 For RT-PCR cloning of genes rrs u=n 

, ■ ,pnaW1.7381 Sigma) and PE-conjugated anti-mouse 
conjugated peanut agglutmin (PNA) (L 7381 , b.g 

B2 20 antibodies (Sigma P 3567). Double-positive ceUs were sorted on the FACStar ' 
flo w cytometer (Becton Dickinson Immunocytometry Systems, Mountain View, CA) 
as described (32, and Sxltf ceUs were .ysed in denaturing solution (37). 5 'RACE 
20 was carried ou, as descnbed beiow w,th ) mod.flcatton - 2 ug carrier RNA was 
added to the cell lysates before RNA extraction and precipitation. 
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^ ...ncing of S-R ACEjIfidua^ 
Sp,ee„ RNA was prepared as described (37) and for cDNA preparation 2-3 ug 
of RNA was ethano, precipitated and air-dried. For rapid ampliation of 5' cDNA 
ends (5 'RACE) (38) first strand cDNA was primed with o.igo(dT>22 and 100 units of 
5 Super Script U reverse transcriptase (Gibco BRL, Gaithersburg, MD) was used a, 
46°C according to manufacturer's instructions with 20 units of RNAse placental 
inhibitor (Promega, Madison, W.). The DNA/RNA duplex was passed through 1 m, 
G.50 equilibrated wtth TE (10 mM Tris-HCl P H 7.8, .mM EDTA) tn a hypodermic 
svringe to remove excess o.igo(dT). For G-tai.ing 20 units of TdT (Cambio, 
,0 Cambndge, UK) were used accord.ng to standard protoco.s (39). Doubie stranded 
(ds) cDNA was obtamed from G-tailed ss cDNA by addition of o.igonucleotide Prl 
(see below), 100 pM dNTP and 2.5 units of Klenow fragment (Cambio) and 
incubation for 10 mtn at 40°C. After heating the reaction for 1 min a. 94°C and 
extraction with pnenol-chloroform the ds cDNA was passed through G-50 to remove 
15 primer Prl. PCR amplifications, 35 cycles, were carried out in the RobcCycler 

Gradient 96 Thermal Cycler (Stratagene, Lalolla, CA, USA) using oligonucleotides 
Pr2 and Pr3. For PCR of PPs cDNA 50 cyc.es were used: 40 cycles in the firs, 
amplification and 10 cycles in additional amplifications. Pfu Thermostable 

, i„u„ rA USA) was used instead of Taq polymerase to 
Polymerase (Stratagene, LaJolla, CA, USA) 

20 reduce PCR error rates. The amplification products were purified using a 

GEN EC LEAN kit (BIO 101, Vista, CA, USA, and re-amplified for 5 cycles with 

primers Pr2 and Pr4 to allow cloning into Eco RI sites. Oligonudeotide for 5 RACE 

of Vk genes were: 
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Prl5 , AA TTCTAAAACTACAAACTGCCCCCCCCA,T,G-3- 
pr2 5 ' , A ATTCT A A AACT AC A A ACTGC-3 (sense) 
Pr3 _ 5 -CTCCCGGGTAOAAGTCAC-3- (reverse) 
Pr4 5 ' -AATTCGTGTGGCCTTGTTGGCT-3 (reverse nested). 
5 A PCR protocol (A. Sudani was use, to Cone V, PCR products. PCK 

„ ■ it „f Klenow fragment for 10 mm at RT. 
MgCl2 , with 100 ,M dGTP/dCTP and 1 umt of 

^.eseeo—.e — fr.mentremovest^-endsoft.P 

re strictedpUC 1 9,.ransfo (j DNA prepared from white colonies was 

used for sequencing. Sequencing of both strands was done on the AB1 3 
sequencer in the Babraham institute MicrochemicaiFacihty. 

n i«* locus The human IgX translocus (Fig. D was 
Thetransgemcjiujl^ 

■ • i YAC containing about half of all VX gene 
YAC by recombining 1 YAC containn * 



on assembled onaKAt vy 

20 asseinu segments and 

YAC accommodating a 380 VJo 



Thk resulted in a 410 Kb 
the 3' enhancer (29). This resuuc 

i s V3l eenes regarded as functional, 3 
of the human X light chain locus with 15 genes 



region oi uic vi n.e.udoeenes 

VXs with open 



reading frames bu, not found to be pressed and 13 V, P seudoge 
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(40). This HuIg^YAC was introduced into ES cells by protoplast fusion (30) and 
chimeric mice were produced by blastocyst injection (31). The ES cell clone used for 
this showed a 450 Kb NotI fragment corresponding to HuIg^YAC, as identified by 
PFGE and Southern hybridization with the 3' probe, CX2 + 3, and the 5' probe, LA 
5 comprising LYS2, present in the left centromeric YAC arm (not shown). Germline 
transmission was obtained, and PFGE analysis of testis DNA from 1 animal is 
illustrated in figure 2. A NotI fragment larger than 380 Kb is necessary to 
accommodate this region of the HuIg^YAC and the 450 Kb band obtained indicates 
random integration involving the single NotI site 3 ' of 1X-C1 and a NotI site in the 
10 mouse chromosome. Digests with EcoRI/HindHI and hybridization with the CX2 + 3 
probe further confirmed the integrity of the transferred HulgXYAC (Fig. 2). The 
results indicated that one complete copy of the HuIgXYAC was integrated in the 
mouse genome. 

H„ man i P t exnressio " " dominant in mouse k j animals. 
15 To assess the human X light chain repertoire for the production of authentic 

human antibodies the HulgXYAC mice were bred with mice in which endogenous IgK 
production was si.enced by gene targeting (32). In these k" mice, the mouse IgX titers 
are elevated compared to strains (32, 41). Serum titrations (Fig. 3) showed that 
human l g X antibody titers in HuIgXYACc <" mtce are between 1 and 2 mg/ml which 
20 in some cases is up to 10-fold higher than the mouse I* levels. Interestingly, the 

mouse IgjL levels remained low in the HuIg*YAC/K* mice, similar to the levels found 
in normal mice. High levels of human I g r cells were also identified in flow 
cytometric analysts of splenic B-cells from HulgXYAC/K mice (Fig. 4A) with human 
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X expressed on the surface of >80% of the B-eells while the number of mouse IgT 
cells was always below 5% (data not shown). 
Iltirmn -vpr-ssion equal' mouse IpK production. 

Assessment of human Igl production ,n heterozygous HuIgXYAtT/K*' mice 
5 allowed a detailed comparison of expression and activation of endogenous versus 
transgenic light chain loci present at equal functiona. numbers. Serum analysis (Fig. 
3) of mice capable of expressing both human X and mouse k showed similar titers for 
human and mouse l.gh. chains. Human Ig* leve.s in HulgXYACc- transgenic mice 
were very similar to those in HulgXYAC/K- mice. Total Ig levels in 
10 HuIgXYACT /k- mice were 1-2 mg/ml, with a typical contribution of about 51% 
mouse IgK, 43% human Ig* and 6% mouse Ig*. However, a comparison of 
endogenous k and human X expression in indtvidua, sera from HulgXYAC mice, and 
similarly from human volunteers, showed that X/k ratios can vary. For example, 3 of 
the HulglYAC/K- mice produced somewhat higher k levels whtle in 2 mice the 
15 human X levels were higher than the IgK titers. In HuIg*YAC,K*< mice, similar high 
translocus expression was also found in B22<T B-cells from different tissues, for 
example 38% of spleen cells expressed human X and 45% mouse k (Fig. 4A). These 
values resemb.e very much the levels in human volunteers as illustrated in Fig. 4A 
with 34% Ig X* versus 51% Ig^ In CDW peripheral blood lymphocytes. 
20 To assess whether the high contribution of the human X transtocus to the 

mature B cell repertoire ,s the result of selection at the mature B-cel. stage, or 
alternatively from early translocus rearrangement, hght chain expression in bone 
_ precursor B-celts was examined. For this, early B-cel. markers, c-ki, or 

22 
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CD25 were used in 4-co,or stam.ngs ,n —on wuh .he B-ceU hneage marKer 
CD19 and human , and m o U se k specfrc anuses. Hgure 4B shows cha, human , 
egression ,n Hu,gXYAC,K*< .nice occurs a. an earner stage * development rhan 

5 ear, CDUT*** « - - > — — CM9 *' C,,2r " ^ 

u „.n Qiase (CD19*/c-te 'CD25 ) the 
However, at the later immature to mature B-cell stage (CD1 

. f - u - e l«- cells is significantly increased. This suggests that human % 
proportion of mouse lgK ceiis & 

, Ight ehains can rearrange at an earlier stage than mouse !gK hut that upregulat.on a, 
m e mature B-cel, stage haiances an, disadvantages m the tuning o f rearrangement. 

ln ord er to assess whether the translocus expression ieve.s were a direct resuh 
of its rearrangement capacity individual hyhrldoma Cones were analysed. Results 

f u ,„» YAC/k- mice at similar frequencies. Furthermore, the 
present in the spleen of HulgXY AC/k mice 

must precede mouse lg K rearrangement or *. - . endogenous and transgene 

i a Southern blot hybridization of randomly picked 
rearrangements were analyzed. Southern blot y 

e I« expressing hybridoma clones showed the following: from 11 
human Ig^ or mouse IgK expressing ny 

20 human * e.pressers, 7 had the mouse k -s ,n germline configuration and on,, 1 
elone had mouse * rearranged, and from 19 mouse * expressers, 17 had the 
Human * locus ,n germline configuration. The analysis o f S more .* producers 
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suggests that there is no .ecus activat.on bias and rurther emphasizes that the human X 
translocus performs with similar efficiency than the endogenous locus. 

Hence the human X locus is particularly well expressed in transgenic mice, 
even on a normal k*'* or heterozygous k~ background, a result which was 
5 unexpected given the dominance of mouse k over human k in HulgK transgenic mice 
(64). Figure 4 and the hybridoma results show mat this has a developmenta! basis, 
with human X often rearranging before mouse k, which is also unexpected given the 
normal progression from k to X rearrangement for the endogenous mouse loci. The 
ability of the human 3 • X enhancer to function in the mouse background may be the 
10 reason that human X and mouse k .evels are similar in HuI*YAC + *" mice and 
that X and k light chain 3 " enhancers compete at the pre B-ce,l stage to initiate light 

chain rearrangement. 

The capacity of the human X locus to produce an antibody repertoire ,s further 
documented in .he V gene usage. V-J rearrangement was determined from spleen 
15 cells and Peyer's patch cells by PCR reactions, not biased by specific V gene primers. 
The results show that a substantial proportion of the V. genes on the translocus are 
being used with VU-1 and VX3-10 being most frequently expressed. In DNA 
rearrangement, 1X2 and J« were preferentially used and M rarely, and as expected 
JM. 5 and 6 were not utilized as they are adjacent to *Cs. Sequences obtained from 
20 RT-PCR products from FACS-sorted germinal centre PNAVB220* Peyer's patches 
revealed that somatic hypermutation is operative in Hu,g.YAC mice (with somewhat 
more extensive changes in CDRs than in framework regions). Extenstve vartability 
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« n* il was not observed, 
sequences (25, n, wa 

/ r pA , i the Fc fragment of 
u ♦ rPT AP^i carcinoembryonic antigen (CEA), tne rc g 
alkaline phosphatase (PLAr ) , carom 

human lgE , * — p— — 10 b °™ semm a ' bumin ' " " d 

10 good .spouses o t ,M — hum a n X - « mouse * « ^ 

.teethe a nd was consider* iower than in «— - — ^' * 

, c feature mice to fodrin, PLAP, cholera toxin 
human antibody (IgM) responses of 5-feature mic 

and CEA are shown in Figure 7 . 

/->ntr r rells and in immune sera. The 
section of the expression of the light chams a mong B 

• , d in Tabie 1 ttat 7 fUSi0nS ' there 2 maiMlty 

results summarized m lame i dciu 

• a while in only one fusion was there a small 

human producing hybridomas in 6, while in only 

f k The proportion of human X ranged from a minimum of 75% of 
20 preponderance of k. The proportion 

• m of 8 times greater than the k level. In most cases 
the human k level to a maximum of 8 times gr 

^ u ■,,„„.« exceeded those making human k 
(5/7 ) the number of human .-producng hybndomas exceeded 
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by . factor o f 4 fold or greater. This demonstrates - * «—» 

of human X in transgenic mice. 

TABLE 1 

llybridomas 




K^™*^ immunized 5-feature translocus 

5 immunoglobulins produced by ^ s torn ^ ^ ieft £ 

10 in the far right column. 

The utilization of individua, V, genes is indicated by the triangles in F.g. 1 , 

t ,h» vi oenes on the translocus are being 
and shows that a substantial propomon of the VX genes 

15 used in productive rearrangements, with V, 3-. and V, 3-10 being most fluent, 
jessed. U. VX - . X rearrangements, * 2 was pre— used and 3, 3 and 3 

.a n A s and 6 were not utilized as they are 
XI less frequently, and, as expected JX 4,5 and 

20 „ by RT-PCR from PP germ.na, centre B cells 0*0^) 
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revealed that somatic hypermuta.ion is operative in Hulg^ YAC mice (Fig. 5). 
Provided herein are unique UV* -JK rearrangements with 2 or more changes in ,he 
V region, excluding CDR3, which may be affected by VI -JJ. recombination. The 
majority of mutations lead to amino acid replacements, but there was no preferential 
5 distribution in CDR1 and CDR2 . Extensive somatic hypermutation of many 

rearranged human Ig* sequences were found, tndicating that they were able to 

participate in normal immune responses. 

^niili, ll|T -nr in rrwements in -j-framre X mice 

The occurrence of somatic mutations was determined by sequencing of 
10 rearrangements from B cells or hybridomas and comparison with germline sequences. 
The results shown in Figure 6 show tha, the X locus undergoes mutation with up to 10 
point mutations being observed, with a comparable frequency to the k locus and a 
considerably higher frequency than that seen in the IgH translocus. The 6 Ig». 
rearrangements were obtained by RT-PCR from a single 5 feature animal, and show a 
15 limited use of the V gene segments, with VX3-19 used in 5 sequences (Fig. 6). Given 
the high contribution to the B cell repertoire seen in FACS and serum analysis, it is 
Utety that the rearrangement of the locus in the 5 feature mice is simi.ar to what is 
seen in mice where the HulgLambda YAC is in the presence of a functional mouse 
lgK ,ocus. Little or no 'N' insertion is found in the translocus-derived L chains, either 
20 in the 4 and 5 feature mice, or in mice with the HulgKappa or HuigLambda YAC in 
the presence of a funciona, mouse H chain locus. This would suggest that the L chain 
translocus rearranges a. the same deve.opmenta, stage as the endogenous L chains, at 
which time terminal deoxynucleotide transferase activity is reduced. 
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The occurrence of somatic hypermutation suggested that 5-feature mice would 
be capable of producing high affinity human antibodies, includtng those against 
human antigens of c.imca, importance. This was demonstrated for the >gM antibody 
7783.26 against human placenta, alkaiine phosphatase FLAP (Figure 8). After 
cloning, the monoc.ona, antibody bound strong* to FLAP in ELBA, was sensitively 
inhibited by free FLAP (50% inhibition at about 2 nM) and from a Scatchard p.o, had 
an affinity of 2x10' M Hence, the mice are capable of giving rise to human 
anybodies with a htgh affinity which would be suitable for therapeutic purposes. 



Efficient DNA rearrangement and high antibody expression levels are rareiy 
achieved in transgenic mice carrying immunoglobu.in regions in germline 
configuration on minigene constructs. Competition with the endogenous iocus can be 
eliminated in Ig knock-out strains, where transgene expression is usua.ly good (42). 
15 Poor trans,oci expression levels could be a result of the failure of human sequences in 
the mouse background, or alternatively the lack of .ocus specific control regions 
which are more like,y to be included on larger transgenic regions (43, 44, 45). The 
lat ,er is supported by the find.ng that Hulg.YAC mice express human IgX and mouse 
, g K at similar ieveis. The 410 Kb HulgXYAC translocus accommodates V-gene 
20 regton cluster A containing at least 15 functiona. V, genes (see Fig. 1). In man, 
Custer A is the main contributor to the I antibody repertoire, with V* 2-14 (2a2) 
expressed most frequently at 27% in blood lymphocytes ,23). Expression of V, 2-.4 
in the transgentc mice was found, bu, the main contributors to >. light chain usage 
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were 3-1, the VX gene most proximal to the C-I region, and 3-10, both of which are 
expressed at about 3% in man. Although the validity to draw conclusions about gene 
contnbution ts dependent on the numbers compared, from the 31 sequences obtained 
11 showed were VX3-1 and 8 were VX3-10 which suggests that rearrangement or 
5 selection preferences are different in mouse and man. Sequence analysis revealed that 
there was very little further diversification by insertion of N or P nucleotides. In 
contrast, somatic hypermutation of some rearranged human I* sequences was found, 
indicating that they are able to participate in normal immune responses. Indeed 
mutation levels in B220 + /PNA + PPs from Hulg.YAC translocus mice were similar to 
,0 what has been reported for mouse Hgh. chains (46). In the mouse, unlike in humans, 
untemplated light chain diversification is essentia!* absent and it was believed that 
this is because deoxynucleotidyl transferase is no longer expressed a, the stage of 
light chain rearrangement (28, 47). This concept has been challenged by the 
discovery that mouse light chain rearrangement can occur at the same time as V H to 
15 DJ„ rearrangements (48). Indeed, these results also show light chain rearrangement 
at the pre B-I stage, with a substantial percentage of CD19 ♦ cells expressing human X 
(see Fig. 4). Although the human X translocus appears to be earlier activated than the 
K locus in the mouse, rearranged human X light chains did not accumulated much N 
region diversity as found in human peripheral B-cells (27). 
20 in the different species, the ratio of X and k light chain expression varies 

considerably (1-3, 49, 50) and in the mouse the low X light chain levels are believed 
to be a result of inefficient activation of the mouse X locus during B-ccll 

. , ■ a ;„ f,\ The \«X ("40%) and IgK C60%) ratio in humans is 
differentiation (reviewed in 6). 1 he lg/- ( to k> ami s 



29 



AlU-A Dockel No. 88362/115 

m ore balanced and suggests ,ha, both X and k play an equally important ro,e in 
unmune responses. This notion is supported by .he finding that the mouse VX genes 
are most similar to the less frequently used human V, gene famil.es, while no genes 
comparable to the major contributors to the human VX repertoire are present in mtce 
5 (40). With the HulgXY AC , these V* genes are available, and are able to make a 
significant contribution to the antibody repertoire, and the bias towards V* gene 

utilization is removed. 

Comparison of size and complexity of light chain loci between different 
species suggests that larger loci with many more V genes may contribute much more 
10 efficiently to the antibody repertoire (6, 51). Recently, this question was addressed in 
transgenic mice by the introduction of different size human k light chain loci (45). 
The resun showed that the size of the V gene cluster and the V gene numbers present 
are not relevant to achieving high translocus expression levels. It is possib.e, 
however, that a presently undefined region with cis-control.ed regulatory sequences 
15 may be crucial in determining expressibility and subsequently light chain choice. That 
the HuIglYAC+/K- mice do not exhibit a bias in the selection of light cham locus for 
expression is shown by the absence of rearrangement of the non-expressed locus in 
hybridoma cells. This supports the mode, that X and K rearrangements are indeed 
^dependent (52) and that poor IgX expression levels in mice may be the result of an 
20 inefficient recombination signal (53). A poss.b.e signal that initiates Ugh. chain 
recombination has been identified in gene targeting experiments where the 3 k 
enhancer has been deleted (19). The k:X ratio was essentially equal in mice where 
the 3 Ek had been deleted or replaced by neo (down to 1:1 and not 20:1 as in norma, 
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mice), in addition, the < locus was large.y in gennline configuration in X expressing 
cells, a resuU also seen in the HuI g WAC'/K*' mice. Taken together, the results 
suggest that the ability of .he human 3 - X enhancer to funct.on in the mouse 
background may be the reason that human X and mouse k levels are similar in 
5 HuIg^YACVK- mice and that X and k light chain 3" enhancers compete at the pre 
B-cell stage to initiate light chain rearrangement. 
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